Objective We examined the effects of intervention performed by a multidisciplinary cardiac rehabilitation (CR) team on the social rehabilitation of patients with cardiogenic out-of-hospital cardiopulmonary arrest (OHCA) in the acute phase. Methods This study included 122 patients who were resuscitated after cardiogenic OHCA during a 10-year period. They were divided into two groups: including a non-CR group of patients (n=58) who were admitted before the CR team started performing systematic intervention and a CR group (n=64) who were admitted after the intervention was initiated. The following items were examined for each group: treatment condition at onset, contents of treatment, primary disease, presence or absence of underlying disease, presence or absence of complications, general physical and neurological outcome, duration of hospital stay, and status of social rehabilitation. Results Although the number of patients with cardiogenic OHCA did not markedly change, the number of bystanders participating in cardiopulmonary resuscitation (CPR) was significantly higher in the CR group versus the non-CR group (p<0.01). The effect of bystanders participating in CPR also significantly reduced the mortality outcome (p<0.05 versus the group without CPR), and patients in the CR group were more likely to achieve social rehabilitation (p<0.05 versus the group without CPR). Moreover, the number of patients who returned to society one year later was increased in the CR group versus the non-CR group (p< 0.05). The incidence of respiratory complications was also significantly lower in the CR group versus the non-CR group (p<0.05). Conclusion Along with the usefulness of rapid pre-hospital aid, our results suggest that systemic intervention performed by the CR team administered while the patient was in the acute phase may have promoted social rehabilitation of patients resuscitated after cardiogenic OHCA.
Introduction
The most important treatment goal for patients who suffer cardiopulmonary arrest is "brain resuscitation," for which immediate treatment is preferred (1) . After the restoration of spontaneous circulation, patients are treated for underlying diseases and their general condition is stabilized. In the majority of these patients, the use of a mechanical ventilator, monitoring catheters, and other medical devices is necessary, and patients are often required to stay recumbent for a long period of time. Consequently, additional problems, such as infection, hemorrhagic diathesis, and hepatic dysfunction, may develop (2, 3) . Despite the restoration of spontaneous circulation, a patient's return to society may be delayed by these medical complications. In the case of cardiopulmonary arrest, although it is apparent that immediate pre-hospital care by emergency medical crews or bystanders contributes to improved survival rates (4), the best medical care aiming at the social rehabilitation of patients should also be pursued in their treatment after admission.
When patients with severe conditions after the restoration of spontaneous circulation are admitted, our first objective is to preserve life and social rehabilitation is pursued thereafter (5) . For successful social rehabilitation, an evaluation of higher brain function and exercise to maintain muscle strength need to be performed as early as possible, and interventions by specialized medical professionals in various professions from the acute phase onward are necessary. At Hyogo College of Medicine Hospital, intervention by a multidisciplinary cardiac rehabilitation (CR) team was started in July 2007. The team provides comprehensive intervention from the acute through the chronic phase with physical therapy based on the pathological conditions of the patients and psychological support/lifestyle guidance for patients and their families being provided. Intervention by the CR team from the acute phase onward may benefit patients resuscitated from cardiopulmonary arrest, as they require many forms of support before returning to society. However, our extensive literature search found no reports of studies on the status of social rehabilitation after discharge. In this study, we surveyed the background and statuses of social rehabilitation for patients resuscitated from cardiogenic cardiopulmonary arrest and discuss the impact and the role of the CR team on the social rehabilitation of the patients.
Materials and Methods

Study design
Patient selection
This study included 122 patients who were transported to Hyogo College of Medicine Hospital for treatment of outof-hospital cardiopulmonary arrest (OHCA). The patients were admitted to the Coronary Care Unit (CCU) from July 2002 to June 2012 for cardiovascular disease (the assumed cause of their OHCA) after the restoration of spontaneous circulation. Patients were divided into two groups for comparison: the "cardiac rehabilitation non-intervention (non-CR) group" included those who were admitted before the CR team started performing systematic interventions at our hospital in July 2007 and the "the cardiac rehabilitation intervention (CR) group" included those who were admitted after the adoption of this program.
Cardiac rehabilitation program
The CR team, composed of physicians, nurses, and physical therapists (PT), started performing interventions immediately after the patient was admitted. During the period when the use of medical devices (such as mechanical ventilators and intra-aortic balloon pumping) was required, physical therapy aiming to prevent respiratory complications and contracture was provided as respiratory rehabilitation. After the start of walking, aerobic exercise and low-intensity resistance training were provided in accordance with the cardiac function and physical performance of each patient. As the patients recovered from disease conditions, exercise intensity was reevaluated to provide cardiac rehabilitation according to the guidelines of the Japanese Circulation Society (6) . In cooperation with the Department of Rehabilitation, speechlanguage-hearing therapists (ST) or occupational therapists (OT) also provided evaluations of higher brain function and swallowing rehabilitation for patients in need, starting during the acute phase. At the time of discharge, optimal exercise was prescribed. The physicians provided explanations of disease conditions and therapeutic strategies to the patients during their hospital stays. Drug administration and lifestyle instructions were also provided by the physicians/ nurses on a timely basis during hospitalization. Moreover, the information that each medical professional obtained from the patients and their families was shared with others at CR conferences.
Study procedures
In each group, the treatment conditions at the time of onset, treatment details, primary diseases, presence or absence of underlying diseases, presence or absence of the onset of complications, general neurological outcome at the time of discharge, duration of hospital stay, and status of social rehabilitation were examined. General neurological outcomes were assessed using the Glasgow-Pittsburgh Cerebral Performance Categories (CPC), which are categories for cerebral and general physical functions (7) . There are 5 categories: CPC 1, good function; CPC 2, moderate dysfunction (CPC 1 and 2 are conditions for which social rehabilitation is possible); CPC 3, severe dysfunction; CPC 4, coma/vegetative state; and CPC 5, brain death/cardiac death (CPC 3-5 are conditions for which social rehabilitation is not possible). The status of social rehabilitation at the time of discharge was surveyed using medical records as a reference in both groups. In the CR group, the patients were interviewed directly or by telephone one year after discharge to determine their status. In this survey, successful social rehabilitation at the time of discharge was defined as a condition in which the patients themselves had a specific prospect of living their social lives in the same way as before hospitalization. Successful social rehabilitation one year after discharge was defined as a condition in which the patients themselves perceived that they had a social life the same as or better than that before hospitalization. Patients who survived for at least 24 hours after their cardiac arrest were surveyed in regards to their complications. Respiratory complications (those diagnosed by images, including infectious pneumonia/atelectasis/aspiration pneumonia), gastrointestinal bleeding (hematemesis or hemorrhagic stool/occult blood positive), hepatic dysfunction (condition based on aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase levels all exceeding normal ranges), and delirium (day-night reversal and conditions requiring sedation or promotion of sleep onset with drugs) were examined. In addition, for patients who survived more than 24 hours after admission, we investigated the association between the outcome at the time of hospital discharge and the presence or absence of cardiopulmonary resuscitation (CPR) by a bystander.
Moreover, for patients with a history of cardiac disease, determinations were made by medical professionals, using medical records or interview, as to whether they or their families had been informed of the possibility of rapid disease progression (including sudden death).
This study was conducted with the approval of the ethics committee of Hyogo College of Medicine (Approval No. 1289).
Statistical analysis
The age and duration of hospital stay were expressed as mean ± standard deviation (SD). Student's unpaired t-test or the Mann-Whitney U test were used for comparisons between the two groups. A p value <0.05 was considered to be statistically significant. The SPSS Statistical Package version 20.0 (SPSS, Inc., Chicago, USA) was used for all analyses.
Results
Treatment conditions at the time of onset
In both groups, there tended to be a male predominance and the mean age exceeded 65 years (Table 1) . Although events had been witnessed in approximately half of the patients in both groups, no witnesses were involved in CPR of the patients. However, compared with the non-CR group, there were significantly more patients who received CPR from bystanders in the CR group (p=0.002).
Primary disease and the presence or absence of a history of cardiac disease
In both groups, the most common primary disease causing cardiopulmonary arrest was initial acute myocardial infarction (Table 1) . Among the patients with a history of cardiac disease, cardiopulmonary arrest was most frequently caused by recurrent myocardial infarction. Moreover, there were significantly more patients with a history of cardiac disease who had been informed of the possibility of rapid progression of cardiac disease by medical professionals in the CR group as compared with the non-CR group (p<0.05).
General and neurological outcomes
Patients discharged alive accounted for 60.6% of the non-CR group and 68.2% of the CR group with no significant difference between the two groups ( Table 1) . According to the CPC categories, the proportion of patients with CPC 1-2 who had the possibility of returning to society was significantly larger in the CR group (p=0.006; Table 2 ).
Duration of hospital stay
In both groups, patients with CPC 5 had the shortest hos- pital stay duration (this population included those who had died within 24 hours after admission), and patients with CPC 1 had the second shortest duration and the most favorable neurological outcomes (Figure) . Although comparison of all patients revealed no significant difference in the duration of hospital stay between the two groups, comparison of patients with CPC 1, who had favorable outcomes in terms of general neurological function, revealed the duration to be significantly shorter in the CR group than in the non-CR group (p<0.05).
Presence or absence of the onset of complications
Patients who survived for at least 24 hours after admission were targeted in this evaluation (non-CR group: 31 patients, CR group: 43 patients). Of the complications observed, only the incidence of respiratory complications was significantly decreased in the CR group versus the non-CR group (p=0.003) ( Table 3) .
Status of social rehabilitation
Patients discharged alive were targeted in this evaluation, including 25 patients in the non-CR group and 36 patients in the CR group. At the time of discharge, patients who had a specific prospect of returning to society accounted for 24.0% of the non-CR group and 38.9% of the CR group. Moreover, in the CR group, there were significantly more patients who were transferred to another hospital or discharged home under positive circumstances while they were preparing to return to society. Meanwhile, non-CR patients were significantly more likely to have difficulty returning to society compared with the CR group (68% for non-CR versus 25% for CR; p<0.001) ( Table 4) . Regarding the patient's status one year after discharge, which was surveyed only in the CR group, the number of patients who returned to society was significantly greater at one year after discharge as compared with that at the time of discharge. However, there were also patients who were still preparing to return to society and some who had died by the one-year follow-up time point (Table 5) . 
Discharge outcomes and CPR by bystander
The effect of bystander CPR was evaluated versus discharge outcome at 24 hours post-admission; those surveyed included 31 patients in the non-CR group and 43 patients in the CR group (Table 6 ). The CR team had intervened for more surviving patients in the CR group (50% for CPR versus 14.3% for non-CPR; p=0.013). There was no significant difference in the non-CR group (33.3% for CPR versus 16.0% for non-CPR; p=0.342). However, in the CR group, death discharge was significantly reduced (p=0.035) while social rehabilitation increased.
Discussion
In this study, we surveyed the background and medical status of social rehabilitation for patients resuscitated from cardiogenic OHCA. The evaluation period (from 2002 through 2012) was divided into two subsets based on when the multidisciplinary CR team started intervention; the non-CR group and CR group were then compared. We found that there had been no substantial change in the number of patients with cardiogenic cardiopulmonary arrest and that the most common primary disease was initial acute myocardial infarction in both groups. Although the number of witnesses of cardiopulmonary arrest also did not change, the number of bystanders participating in CPR was significantly greater in the CR group. Also the effect of bystander participation in CPR was significantly greater in the CR group. The incidence of respiratory complications was significantly lower in the CR group, and there was no difference in the number of patients with a specific prospect of returning to society at the time of discharge between the two groups. However, significantly more patients in the CR group were actively preparing to return to society, and the number of patients who actually did return to society was significantly greater at one year after discharge as compared with that estimated at the time of discharge. We speculate that intervention by the multidisciplinary CR team may thus have had an impact on the social rehabilitation of patients resuscitated from cardiopulmonary arrest.
Cardiac rehabilitation is defined by the World Health Organization as "the sum of activities required to influence favorably the underlying cause of the disease, as well as the best possible, physical, mental and social conditions, so that they may, by their own efforts preserve or resume when lost, as normal a place as possible in the community" (8) . This is precisely the type of medical environment where patient-centered care is practiced under a system of multidisciplinary cooperation. Anxiety due to disease can occur in any patient. In particular, the psychological states of patients suffering the sudden onset of severe disease and that of their families are marked by intense negative feelings, such as anxiety over whether the disease will be cured, discomfort and complaints of limitations in activities, anxiety over social rehabilitation, and concern about survival (9). Because patients are placed in such situations, they should be supported through multidisciplinary interventions by medical professionals with different perspectives and skills. For social rehabilitation especially, complex factors (physical, mental, and environmental) exert inhibitory effects (10) . When activities and work are limited by disease, the physical images of the self before and after disease differ, and patients who complain of depressive symptoms and loss of confidence are also encountered. Although regaining one's social life at a level similar to that before disease is the best outcome for the patients, social rehabilitation does not always mean a return to the same living circumstances. Instead, social rehabilitation is a process in which patients and their families focus on adapting to a general post-disease social life appropriate to the patient's physical performance (5). The specialized skills of medical professionals in various fields are necessary to provide support for patients and their families in this process. This study included many patients who continued to receive interventions by the OT or ST, as well as instruction on exercise therapy from the PT in outpatient cardiac rehabilitation after discharge (5), and for whom the PT or OT prepared documents describing the levels of physical activity in these patients. This was in addition to the patient referral documents prepared by the physicians or nurses for the staff of hospitals admitting patients when they were transferred. These follow-up situations were observed only in the CR group and not in the non-CR group. Moreover, the follow-up survey after discharge was conducted only in the CR group. According to the present study, the CR group included many patients who were transferred to other hospitals in preparation for their return to society or those who were discharged home for recuperation; additionally, the number of patients who returned to society significantly increased one year after discharge. This difference may indicate that interventions by medical professionals had the beneficial effects of (i) practicing team medicine to provide forms of support focusing on the lives of patients even after discharge and (ii) cooperating to support social rehabilitation appropriate to the patient's condition and environment. The duration of hospital stay was compared among patients classified by category of general neurological outcome. Although comparison of all patients in the non-CR and CR groups revealed no significant difference, the hospital stay duration was significantly shorter for patients with CPC 1, a category with a favorable outcome, in the CR group. One of the factors underlying this may be that interventions by the CR team from the acute phase onward contributed to early walking. The duration of hospital stay for patients with CPC 3 or 4 (both categories with poor outcomes) was longer than that in patients in other CPC categories in both groups. The CPC 3 and 4 categories included many patients whose discharge planning took a long time due to difficulty in weaning from the mechanical ventilators or other medical devices or due to the inability to live an independent life thereby making recuperation at home difficult. Under such circumstances, many of the patients' families complain of anxiety over discharge from advanced intensive care (9) and often hope that continuation of intensive care may lead to recovery. Because attending physicians do not have specific criteria for weaning patients off a life support system (11), intensive care is often continued. The families of the patients who are unlikely to recover cerebral function have conflicting and complex feelings, such as simultaneous despair and hope (12) . Multidisciplinary interventions have been reported to be beneficial as a form of psychological support, not only for the patients with severe conditions, but also for their families (13) . Medical professionals in various fields who have known the disease circumstances of patients since the acute phase may be able to provide psychological support to patients' families and to help them understand and accept these circumstances by explaining pathological conditions and listening attentively to their distress and anxiety.
The management of post-cardiac arrest syndrome and other complications is important for the treatment of patients resuscitated from cardiopulmonary arrest. Regarding major complications, the incidence of respiratory complications was significantly lower in the late group. Although this is also largely attributable to benefits derived from the aforementioned advances in medical care, there are many studies describing the usefulness of physical therapy for patients maintained on mechanical ventilators (14, 15) . It is plausible that this low incidence of complications may be the consequence of the involvement of PT as members of the CR team practicing their specialized skills (such as the training of respiratory muscles and evaluation of swallowing function) in acute phase treatment.
According to the findings of studies conducted in patients with OHCA, post-resuscitation symptoms occur in approximately 90% of these individuals, even after the performance of standard CPR results in the restoration of spontaneous circulation (16) . In our study, the number of patients with favorable general neurological outcomes was greater in the CR group than in the non-CR group. This appears to be largely attributable to the increased rates of bystander participation in CPR (2, 16) in addition to the benefits of recent advances in medical care. In this study, the number of patients who received initial treatment for cardiopulmonary arrest from bystanders was significantly increased in the CR group. This appears to reflect the outcome of the efforts of associated academic societies and other institutions to promote awareness. The effectiveness of pre-hospital rescue bystander resuscitation has been reported (1). In our study, those patients who had received intervention by bystanders had a significantly better social rehabilitation and prognosis. However, these results were only true for patients in the CR group; they were not seen in the non-CR group. These results may suggest that the spread of workshops to the general public improved the quality of CPR performed. Along with the efforts of the interventional CR team in the acute phase, this may have led to better outcomes for these patients.
The common direct cause of cardiopulmonary arrest is sustained ventricular tachycardia or ventricular fibrillation. In such an event, the recurrence rate is high, even after patients are rescued, and they are reportedly at a higher risk of sudden death (1, 17) . With cardiopulmonary arrest occurring as an initial cardiac event in 20-25% of such cases in a study of sudden death, the majority of patients had a history of clinically apparent cardiac disease (18) . In our study, the number of patients with cardiopulmonary arrest caused by initial acute myocardial infarction was the highest followed by those who had been informed of the diagnosis of cardiac disease. Although the number of patients who had received an explanation of his disease status, such as the possibility of sudden changes or deterioration, was significantly greater in the CR group, less than half of all patients were aware of having these conditions. Moreover, the survey on the status one year after discharge revealed that some patients died. The mortality rate during the one-year period after myocardial infarction is high, and the majority of deaths are reportedly sudden (19, 20) . The patients in this study included those who underwent implantation of a device, such as cardioverter defibrillators and cardiac resynchronization therapy devices, for the prevention of sudden death due to ventricular defibrillation or those who underwent treatment of cardiac failure before discharge. These patients have low cardiac function (21) . It is necessary to inform the patients and their families of the possibility of sudden changes in the dis-ease status and to educate them as to how to respond during emergency situations. In our institution, as part of the patient education, the CR team performs basic life support training but has reaffirmed the need to address this actively in the future. Early intervention by a team of various specialists from the acute phase onward may contribute to the treatment and education of patients resuscitated from cardiogenic cardiopulmonary arrest in preparation for their return to society.
Conclusion
The survival rate in adult Japanese patients with OHCA has significantly improved in comparison to past findings (4). The primary objective of medical care is for patients rescued by various means to return to a fulfilling and meaningful life. The efforts and awareness of pre-hospital aid to improve the quality of patient outcome should be pursued in the future. At the same time, continuous interventions by a multidisciplinary CR team from the acute through chronic phases may contribute to various forms of support for patients resuscitated from cardiogenic cardiopulmonary arrest in terms of both their pathological condition and social rehabilitation.
Study limitations
There are some limitations associated with this study. Because this study was conducted at a single institution, the sample size is small. Furthermore, the multidisciplinary CR team was not involved in the care of patients who died after being discharged within 24 hours after admission. Moreover, the study period spanned 10 years during which time the guidelines for cardiopulmonary resuscitation and medical care were revised. Therefore, in addition to the impact of the interventions by the CR team, advances in medical care over time need to be taken into consideration when assessing the results of this study.
